INTRODUCTION {#sec1-1}
============

The widespread adoption of minimally invasive surgery by Urologists has greatly benefited patients. The merits of laparoscopic and robotic surgery have been well documented, and include less morbidity, less pain, and a faster convalescence.\[[@ref1]\] Furthermore, with advancements in laparoscopic technology, the key steps of open surgical procedures can be duplicated, but in a minimally invasive fashion. Nowhere has this been more important than in the realm of urinary tract reconstruction, as strict adherence to surgical principles is the only way to achieve successful, lasting outcomes.

Ureteropelvic junction obstruction (UPJO) is the most common congenital anomaly of the ureter, with an incidence of 1 in 20,000 live births.\[[@ref2]\] Historically, open dismembered pyeloplasty was the standard of care with a documented success rate of over 90%.\[[@ref3]\] However, the increased morbidity and longer recovery times associated with the procedure\[[@ref4]\] led to the pursuit of minimally invasive techniques. Endopyelotomy and balloon dilation have fulfilled the goals of being less morbid with a faster convalesce when compared to open surgery; however, the success rates have been reported as only 60-80%.\[[@ref5]\] The first laparoscopic dismembered pyeloplasty was performed in 1993\[[@ref6]\] and achieved the same success rate as the open procedure, but with minimal morbidity. Despite the technical challenges and steep learning curve, the technique was adopted as the standard of care for uncomplicated primary UPJO repairs. However, the operation remained mainly in the hands of expert surgeons at larger centers. The need for intracorporeal laparoscopic suturing has limited widespread adoption of the procedure.

The introduction of robotics has helped to reduce some of the challenges associated with laparoscopic UPJO repair, especially with regards to suturing. The "endo-wrist" technology and improved visualization have helped to reduce the steep learning curve associated with the procedure.\[[@ref7]\] The first reported robotic pyeloplasty series was by Gettman in 2002\[[@ref8]\] and since then there have been numerous others.\[[@ref9]\] Additionally, there have been a number of comparative analyses comparing the conventional laparoscopic approach, with robotics.\[[@ref10][@ref11][@ref12]\] Both the transperitoneal and retroperitoneal approaches have been explored,\[[@ref13]\] as well as robotic pyeloplasty in the pediatric population.\[[@ref14]\] Finally, recently there has been interest in the field of "scarless" surgery, and laparoendoscopic single-site pyeloplasty (LESS) has been described.\[[@ref15]\]

The benefits of robotic surgery have also been applied to ureteral reconstruction and reimplantation. Although limited in number, there are several series describing robotic-assisted ureteral reimplantation, with and without psoas hitch/boari flap.\[[@ref16][@ref17][@ref18]\]

The main objectives of this article are to provide a review of the available literature for both robotic-assisted laparoscopic pyeloplasty and ureteric reimplantation. Trends with regards to surgical technique and approach will be analyzed. We also will review the comparative series of robotic versus laparoscopic pyeloplasty, looking at surgical outcomes as well as cost analysis.

MATERIALS AND METHODS {#sec1-2}
=====================

A systematic literature review was performed using PubMed to identify relevant studies. There were no time restrictions applied to the search, but only studies in English were included. We utilized the following search terms: *Ureteropelvic junction obstruction* and *laparoscopy*; *laparoscopic pyeloplasty*; *robotic pyeloplasty*; *robotic ureteric reimplantation*; *robotic ureteroneocystotomy*; *robotic boari flap*; *robotic psoas hitch*.

RESULTS {#sec1-3}
=======

 {#sec2-1}

### Practice patterns: Adoption of robotic-assisted laparoscopic pyeloplasty {#sec3-1}

Data from the Nationwide Inpatient Sample Database has recently been used to establish practice patterns with regards to the utilization of robotic pyeloplasty in the USA. Sukumar *et al*.\[[@ref19]\] included 29,456 patients in their analysis who underwent either open or minimally invasive pyeloplasty (laparoscopic or robotic) between 1998 and 2009. While only 15.3% of the patients underwent a minimally invasive pyeloplasty, the use of the technique increased dramatically from 2.4% to 55.3%. Unfortunately prior to 2008, there was no separate billing code for RALP, as it was the same as conventional laparoscopic pyeloplasty, so it was impossible to separate the two groups. However, in 2009 only 10.2% of all pyeloplasties performed were laparoscopic while 45.1% were RALP and 44.7% were open. Monn *et al*.\[[@ref20]\] used the same database to analyze the trends in RALP utilization since the adoption of the separate billing code. The study period was from 2005 to 2010 and included 3,947 patients. Overall, 47.4% of the pyeloplasties performed were done robotically, and there was an increase in overall number of robotic pyeloplasties from 2008 to 2010 (*P* = 0.002). A summary of the largest robotic pyeloplasty series is included in [Table 1](#T1){ref-type="table"}.

###### 

Larger robotic-assisted laparoscopic pyeloplasty series
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### Approach: Transperitoneal vs. retroperitoneal {#sec3-2}

With regards to access for robotic-assisted pyeloplasty, the majority of reported series describe the transperitoneal technique. Retroperitoneal access as been extensively studied for standard laparoscopic pyeloplasty and provides rapid access to the UPJ with minimal dissection. Additional benefits include the limitation of a potential urinoma to the retroperitoneum and performing the procedure on an outpatient basis. Limitations include a smaller working space for suturing, and potential difficulty identifying a crossing vessel when present. Kaouk *et al*.\[[@ref13]\] described their experience with 10 patients who underwent a robotic pyeloplasty via retroperitoneal access. All procedures were completed successfully without complications or the need for conversion. The authors concluded that the retroperitoneal approach was technically feasible, and outcomes (both surgical and functional) were comparable to the transperitoneal robotic technique. Cestari *et al*.\[[@ref27]\] compared 36 patients who underwent retroperitoneal robotic pyeloplasty with 19 patients using the transperitoneal approach. Operative outcomes were similar between the two groups; however, the only two recurrences occurred in the retroperitioneal group, one of which was due to an unrecognized crossing vessel. In three cases, a crossing vessel was identified that was not seen on pre-operative imaging, and the UPJ was successfully transposed. It seems then that robotic-assisted pyeloplasty can successfully be performed by either approach, and extra care must be taken to identify crossing vessels with the retroperitoneal approach, as they may not be as evident as with the transperitoneal approach.

### Approach: Retrocolic vs. transmesocolic {#sec3-3}

Traditionally during laparoscopic/robotic transperitoneal pyeloplasty, the initial step is to mobilize the colon medially along the white line of Toldt, in order to gain access to the retroperitoneum and expose the renal pelvis/ureter. By creating a window in the mesocolon adjacent to the hilum, total operative time could be reduced and bowel manipulation would be minimized. The first transmesocolic laparoscopic pyeloplasty was described by Nicol *et al*.\[[@ref28]\] The technique was also performed robotically and described by Gupta *et al*. in 2009.\[[@ref23]\] They performed transmesocolic pyeloplasty in 24 patients with a left sided UPJO with a mean operative time of 125.33 minutes. Twenty-three patients were followed for at least a year and demonstrated no recurrence of their obstruction. The authors did mention that the technique was difficult in patients with a high body mass index (BMI) with a thick mesentery.

### Pediatric robotic-assisted laparoscopic pyeloplasty {#sec3-4}

Retroperitoneal access is the standard approach for an open pyeloplasty in children, and this concept was applied to pediatric robotic-assisted laparoscopic pyeloplasty. Olsen *et al*.\[[@ref29]\] described the first series of retroperitoneoscopic robotic pyeloplasties in 13 children, and later published their expanded 5-year experience, which included 65 children. The median ages for the two studies were 6.7 and 7.9 years, respectively, with the youngest being 1.7 years old. Overall, the outcomes and complication rates were equivalent to the open and laparoscopic approaches. The authors also noted that total operative times were shorter than in two contemporary transperitoneal pediatric robotic pyeloplasty series.\[[@ref30][@ref31]\] The largest published series to date is by Minnillo *et al*.\[[@ref14]\] from the Children\'s Hospital in Boston, which included 155 patients. In their study, 98% of the cases were done via the transperitoneal approach, which was based on surgeon preference. The mean operative time was 198.5 minutes, and the mean length of hospitalization was 1.96 days. The primary technical success rate at a mean follow up of 31.7 months was 96%. The authors also described their adoption of a standardized RALP program which was a collaboration between the surgeons, anesthesiologists, and OR nursing staff. They found that their OR times and efficiency improved over the study period. They concluded that within a pediatric urology training program successful collaboration can lead to shorter OR times and hospital stays, and achieve functional results comparable to the gold standard (open surgery). While these studies show that RALP is technically feasible by either a transperitoneal or a retroperitoneal approach, with results comparable to open surgery, the true benefit has yet to be realized. This is particularly true with regards to very small children, as often the open incision is very small, and there is no difference in morbidity. However, no prospective data exist comparing open surgery with RALP, and this question remains unanswered for now.

### Secondary ("Redo") robotic pyeloplasty {#sec3-5}

The management of a failed initial pyeloplasty repair, by whatever approach used, is technically challenging. Scarring, adhesions, and obliterated surgical planes make reconstruction difficult. For this reason, open surgery has been the gold standard in the past, albeit with higher morbidity. There have been a number of endourologic techniques employed in order to tackle this difficult clinical scenario, including balloon dilation and endopyelotomy, with varying success rates. For example, the documented success rate for endopyelotomy after a failed primary repair is between 60% and 70%, depending on the primary treatment modality.\[[@ref32][@ref33]\] Laparoscopic redo-pyeloplasty has been found to have higher success rates \[\>85%), but remains a difficult procedure.\[[@ref34][@ref35]\] It was has been postulated suggested that the benefits of robotic surgery would be provides advantageous significant advantages over standard laparoscopy for a minimally invasive option in these difficult salvage procedures. Niver *et al*.\[[@ref36]\] retrospectively analyzed 19 patients who had a RALP for a secondary UPJO, and compared the outcomes with 97 patients who had a primary RALP. There were no significant differences in operative data (i.e., EBL, OR time, complications) or postoperative or radiographic outcomes. For patients in the primary UPJO group, 96.1% had radiographic resolution of their obstruction, as compared to 94.1% in the secondary UPJO group (*P* = 0.72). The authors concluded that RALP offers durable outcomes for the repair of secondary UPJO; however, the follow-up period was only 22.6 months and radiographic follow up was not standardized. Indeed it is our feeling that one of the great advantages of the robot over laparoscopy is the ease in performing minimally invasive secondary reconstructive surgery.

### Robotic laparoendoscopic single-site surgery {#sec3-6}

The pursuit of "scarless" surgery has lead to the development of laparoendoscopic single-site surgery (LESS), which has found broad applications in urology. A number of extirpative and reconstructive procedures have been performed via a LESS approach, using different ports and laparoscopic instruments.\[[@ref37]\] However, LESS is technically challenging due to issues with triangulation and instrument clashing. Intracorporeal suturing has been shown to be even more challenging than in standard laparoscopy.\[[@ref38]\] Additionally, comparative studies have shown no significant benefits for LESS when compared to standard laparoscopy.\[[@ref39]\] However, it has been postulated that patients undergoing pyeloplasty might be ideal candidates for LESS as they are usually young with benign pathology, and the procedure is non-extirpative, thereby not requiring a larger incision for specimen extraction. To overcome the challenges associated with standard LESS, the robotic platform has been applied (R-LESS). Despite the fact that the current generation robotic system was not designed for single site surgery, surgeons noticed that dissection and suturing was easier.\[[@ref40]\] However, nevertheless instrument clashing remains an issue, and robotic LESS specific instrumentation is under development.\[[@ref41]\]

Kaouk *et al*., described their early experience with R-LESS pyeloplasty\[[@ref40]\] and since then there have been a number of other series using various access ports.\[[@ref15][@ref42][@ref43]\] The unifying conclusion from all authors is that use of the robotic system helps to reduce the technical difficulty of LESS pyeloplasty and shortens the learning curve associated with the procedure. Olweny *et al*.\[[@ref44]\] compared 10 patients who underwent conventional LESS (C-LESS) pyeloplasty with 10 patients who underwent R-LESS. Perioperative outcomes were analyzed including OR time, EBL, complications, morphine narcotic usage requirement, and length of stay in hospital (LOS). Cosmetic and long-term functional outcomes were not included in the analysis. There was no significant difference between R-LESS and C-LESS except for OR time, which was significantly longer for R-LESS (226 vs. 188 minutes, *P* = 0.007). Additionally, there were two conversions to standard laparoscopy in the C-LESS group as compared to none in the R-LESS group. Despite there being no clear advantage for R-LESS with regards to outcomes, the authors found the superior optics and endo-wrist technology of the robotic system beneficial. Cestari *et al*.\[[@ref43]\] tested the feasibility and short-term perioperative outcomes of the daVinici single site surgery platform in nine patients with a UPJO. The system uses a novel single port access device with curved cannulas and robotic instruments. Additionally, the instruments are crossed at the abdominal wall to minimize clashing and improved triangulation. All cases were completely successfully without complication or conversion. However, the authors noted the main limitation of the system was the lack of articulation of the instruments, which is one of the principal advantages gained with the application of the robotic system to LESS.

### Comparative series: Laparoscopic pyeloplasty vs. robotic pyeloplasty {#sec3-7}

The benefits of robotics with regards to reconstructive surgery in urology have been well established, but the question remains as to whether they translate into superior patient outcomes. Unfortunately prospective randomized data comparing laparoscopic and robotic pyeloplasty does not exist, and the most insight has come from retrospective multi-center studies and a meta-analysis. Braga *et al*.\[[@ref12]\] included eight studies in their meta-analysis and found that robotic pyeloplasty was associated with a significantly shorter hospital stay (WMD: --0.5 d; *P* \< 0.01). There were no significant differences between the two approaches with regards to technical success or complications. However, despite the methodological quality, the analysis suffered from a low number of studies included, which were of low quality as they were mostly retrospective observational studies with small numbers of patients, and no randomized trials were included. Lucas *et al*.\[[@ref25]\] have published the largest retrospective multi-center study to date comparing the two approaches. They included 759 cases (274 laparoscopic pyeloplasties with a mean follow up of 15 months and 465 robotic pyeloplasties with a mean follow up of 11 months, *P* \< 0.001). Bivariate and multivariate analysis was performed to identify factors that were associated with a decreased freedom from secondary procedures. Laparoscopic pyeloplasty, previous endopyelotomy, and intraoperative crossing vessels were associated with decreased freedom from secondary procedures on bivariate analysis, with a 2-year freedom from secondary procedures of 87% for laparoscopic pyeloplasty vs. 95% for robotic pyeloplasty, 81% vs. 93% for patients with vs. without previous endopyelotomy and 88% vs. 95% for patients with vs. without intraoperative crossing vessels, respectively. However, on multivariate analysis, only previous endopyelotomy (HR 4.35) and intraoperative crossing vessels (HR 2.73) significantly impacted freedom from secondary procedures, and the approach (Laparoscopic Wvs. RALP) was no longer significant. Bird *et al*.\[[@ref45]\] published their single center comparative analysis which included 172 cases (98 robotic and 74 laparoscopic pyeloplasties). They reported no difference in operative time, complication rates, and radiographic success rates at 6 months. Smaller comparative series are included in [Table 2](#T2){ref-type="table"}.

###### 

Robotic versus laparoscopic comparative series
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The issue of cost effectiveness with regards to robotics remains a relevant issue, as increasingly more procedures are done using this approach. There have been several authors that have directly compared costs for robotic and laparoscopy pyeloplasty. Bhayani *et al*.\[[@ref11]\] compared their early robotic pyeloplasties with a matched cohort of laparoscopic cases. The cost of equipment and capital depreciation for both procedures, as well as assessment of room set-up time, takedown time, and personnel was analyzed. Laparoscopic pyeloplasty was found to be more cost effective when OR times were kept lower than 338 minutes. They also found that for robotic pyeloplasty to be as cost effective as standard laparoscopy at their center, total in room time for the robotic procedure had to be \<130 minutes, with a yearly case volume \> 500. The group from University of Texas Southwestern Medical Center\[[@ref52]\] developed a decision analysis model to compare the costs of each procedure. They found that despite shorter operative times and hospitalization, robotic pyeloplasty was more costly, with the main difference coming from the fixed cost of the robot and surgical supplies. According to their model, even if robotic pyeloplasties were performed on an outpatient basis or their volume was \>1000 cases/year, laparoscopic pyeloplasty would still be more cost effective. One-way sensitivity analysis revealed that if robotic pyeloplasty could be performed in 96 minutes or less, it would be cost effective.

### Robotic approach to the lower ureter: Ureteroneocystotomy ± Psoas hitch/boari flap {#sec3-8}

There is considerably less experience with regards to robotics and distal ureteric pathology which necessitates ureteroneocystostomy. A number of case reports emerged in 2007 describing robotic ureteral surgery for both benign and malignant conditions. Hemal and coworkers\[[@ref17]\] described 18 distal ureteral procedures which included 5 ureteroneocystotomies (with distal ureteral excision and cuff of bladder resection) for urothelial malignancy with mean operating time of 190 minutes and mean EBL of 100 mL. They also repaired and reimplanted 8 megaureters with a mean OR time of 142.5 minutes and EBL of 50 mL. The remaining procedures consisted of one ureteroneocystostomy with a psoas hitch, two ureteroneocystotomies with vesicovaginal fistula repair, and two ureteroneocystotomies for ureteric injury during radical prostatectomy. There were no delayed urine leaks, and all procedures were technically successful. Patil *et al*.\[[@ref16]\] performed a multi-institutional study of robotic ureteral reimplantation with psoas hitch. Twelve patients from three centers were included and underwent the procedure for a number of different indications including stricture disease due to stones (*n* = 6), injury during gynecologic surgery (*n* = 4), stricture after reimplant surgery (*n* = 1), and endometriosis (*n* = 1). The mean operative time was 208 minutes and EBL was 48 mL. All procedures were completed successfully without open conversion and there were no intraoperative or postoperative complications. After a mean follow up of 15.5 months, all patients were asymptomatic without clinical evidence of obstruction. The study was limited by the fact that the three centers had different post-operative management strategies, which affected LOS and catheterization/stent duration. Kozinn and colleagues\[[@ref53]\] compared 10 patients who underwent a mid/distal robotic ureteric reconstruction with 10 patients who underwent an open reconstruction. Again, there was a variety of ureteric pathology including stricture from stone disease and iatrogenic injury. In the robotic group, four primary ureteroneocystotomies, four psoas hitches, and two Boari flaps were performed, as compared to the open group with six ureteroneocystotomies, three psoas hitches, and one Boari flap. Estimated blood loss (30.6 vs. 327.5 mL, *P* = 0.001) and length of hospital stay (2.4 vs. 5.1 d, *P* = 0.01) were significantly less in the robotic group, whereas OR time was longer (306.6 vs. 270.0 min, *P* = 0.316). There were no complications or conversions to open surgery in the robotic group. All patients in both groups had complete resolution on follow up, which was up to 24 months in the robotic group. We recently described the Cleveland Clinic experience, which is the largest series comparing robotic ureteroneocystotomy (RUNC) to open surgery (OUNC).\[[@ref54]\] Twenty-five patients who underwent RUNC and 41 patients who underwent OUNC or at our institution between 2000 and 2010 were retrospectively analyzed. The OUNC procedures were associated with a shorter median operative time (200 vs. 279 min., *P* = 0.0008), whereas RUNC patients had a shorter hospital stay (median 3 vs. 5 days, *P* = 0.0004), less narcotic pain requirement (morphine equivalent, mg 104.6 vs. 290, *P* = 0.0001), and less estimated blood loss (100 vs. 150 mL, *P* = \< 0.0002). There was no significant difference in the rate of reoperation between groups (RUNC 2/25 (7.6%) vs. OUNC 4/41 (9.7%) *P* = 0.8).

CONCLUSIONS {#sec1-4}
===========

What is clear is that the gold standard for repair of a primary UPJO in adults involves a minimally invasive approach. Laparoscopic pyeloplasty has been the most widely utilized technique in the past, but with the well-documented advantages of robotic surgery with regards to suturing and learning curve reduction, we are seeing a change in the current surgical climate. While it is clear from the literature that a robotic pyeloplasty is easier to learn and perform, no distinct advantage with regards to clinical and functional outcomes has emerged. Nevertheless, the application of robotic technology has allowed more surgeons to offer this procedure to their patients, thus improving accessibility. In the past the laparoscopic technique was only performed by a few experienced surgeons, and patients would often have to travel to "centers of excellence." Additionally, as more and more hospitals in the USA invest in a surgical robot, we are likely to see this trend continue. However, it is well known that the cost-effectiveness of robotic pyeloplasty is inferior, and this needs to be weighed against the benefits for both the surgeon and the patient. With the possible availability of more affordable robotic technology in the future this concern would be minimized. For pediatric pyeloplasty the benefits of robotics are also controversial. In very small patients, given the size of the incision, the retroperitoneal open approach still might be the most practical method.

Robotics does seem to provide a benefit for cases of secondary UPJO, as the enhanced vision and the precision offered by the "endowrist" technology may make approaching these demanding procedures less challenging when compared to conventional laparoscopy. Finally, "scarless" surgery performed with LESS technique has been demonstrated as feasible using robotic instrumentation and certainly easier to perform than conventional LESS, given the benefits of easier intracorporeal suturing and improved surgeon ergonomics. Nevertheless, there is no clear advantage demonstrated over conventional robotic pyeloplasty, and the current robotic platform is not optimally suited for LESS because of the large external profile. Several robotic LESS-specific platforms are currently under development, and this may lead to increased utilization of the technique. For now it seems reasonable to offer this approach to patients who are especially concerned with cosmetic results.

There has been less experience with distal ureteric reconstructive procedures; however, there are a number of series demonstrating the feasibility of ureteroneocystotomy ± psoas hitch/boari flap. Benefits in terms of hospital stay and narcotic requirements have been demonstrated when compared to open surgery. As the field of robotics continues to evolve and expand it is likely that more of these cases will be performed robotically.
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